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 PHYSICAL LIMITATIONS TO DIRECTIONAL ANTENNA
SYSTEMS IN THE STANDARD BROADCAST BAND

In adjusting and maintaining directional antenna systéms there
are 'bound to be some variations about the theoretical pattern; causéd by

. changes in the adjustment, aging of the equipment; variation In ground

losses,; ete. It ls proposed to study these variations on a statistical
basis,. . . .

Let the ‘aheore'ticgl pattern of the directional an'ﬁeﬁna system be
o L b B -
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wheres
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In the above E s the theoretical vector field from element 1 and has

~ the magnitude Ai end phase Bf,  To each vector ‘é’ mey be added s small
Merror® wectorA¢! to acéount for the variations from this theofetical
field intensity. Thus, the true field from element i is given by

o E=g ra

where

Cai=Ee B

6 being the magnitude and. J the phase of the “error" vector AC 3

The resul'hent field intensity from the array becomes

) E=€+apE +SAL
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where
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The relationship between E.i. , E: and A; is 11lustrated in,_??‘igure 1o

Figure l |

Tt Le't ug assume thatﬂ is g Rayleigh vector - i.e. ‘tha't. the
probablility of the magnitude of A ‘being between EL a.nd 6 +d E:
is given by b

&f
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and €11 values of the phase OC: have an equal probability of occurring,

The T8, va.lue or Btaﬁdar& deviation of €c. 1s obtained from
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- .the overhead ‘bar inaicating the averaging process. The assumption of a
“Rayleigh distribution is equivalent to saying that the orthogonal x5
‘and y¢ - components of A (see Figure 1) are each independently and normally

c‘ﬂiatri'bnued with mean zero and the same sitandard deviation Egf /V"

Thet the sum of any number of Rayleigh vectors is a_lso a
Reyleigh wector mey easily be proven by considering the summation in

terns of the two orthegonal comporente x end yv. Since the sum of any

mumber of normel varizbles is another norwal varisble with mean equal |
to the sum of the individual means and varisnce - i.e. standaerd deviation
squared ~ aquel to the sum of the individual varisnces, the resultant -

x and y components for the vector sum of a number of Raylelgh veectors
zust each be mormal with wmeans zero and wrariances squal to the sum of
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- ‘the indwidual comnonent variances =5 'l“hus the veetor sum of any
‘number of Rayleigh vectors must alséabe a Raylelgh vector with an

r,m.,s. magnitude ebtained from

(9) 60"‘"‘ 60){ + eOy ZeOL "‘eo’ +€02. 'f- v o

L Vandivere_./ has uerived the dis’cribution for the magnitude £

‘of the sum of the constant vector E' nlas 2 Rayleigh vector' A ag

) P(E<~E,,) W_éofﬁe :— ZEA)dE

: where I 0 (Z )ia the modified Bessel function of ZRT0 degree.. By an

appropriate change of variable (10) tggy be put into more convenlent form

(a0 ( P& ﬁ)*‘ﬁ-‘z,'a‘ vdve T (z\/)

b eo

‘Unfortuna'tely, this integra? can only be solved by either graphical

neansg or by use of a glowly convergent se“ies. A :E‘amily of eurves.J

for (10&) are plotted in Figure 2,

" The moments of *bhe distribution (10) ere. given by the series
E? 6 A 6 J'i" :kzg‘
' _o d’! b

By'bperating on the orthogonal ‘components the average value of E2 ie
found more readily. Thug, if we assume, without losgs of generality,
that the constant vector A !lies glong the X axia, then

(1) &= A+><) g = A+>< ry*
-WA“‘I*& "'"'P\ 6Db

For the special case of 60:: A
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As 2 special easeyfprobably the most important one, " let g,

- eaesume.that the r.m,s. error magnitvdes ale a eonstant percentage ef the
- Vindividual theoretieal fielde - 1.8, * A

6505,——*62 f%g,

Zaz/‘i 01 2/‘? "‘ﬂ/]xes
A?Ss ZA

where Args 48 the theeretiea¢ Ras S (root sum squered) fieldf - We. thus _!

arrive at the very important conclusion that the magnitude of ‘the re~
sultant error wvector is proportional to the theoretical R.S.S. field and
not the R.M.5. {root mean squared) or the resultant field in the pertinent
direction, This error vector should be substantially the same in all
azimuthal directions, and should be combined with the ﬁheoretlcal field
in every direction to give the expected field

It should be po_nted out that for the more unstable ‘arrays the
Re S S. field of the antenna system may be thrée or more times as large as

~ the R.M.S. field so thet the use of the R.S5.S, field as & bage for,limit-

ing the nulls ir directional arrays offers more protection factor than

' the uze of the R.M.S, fiald as a baseo

It is alzo interesting to note that in critieal null directlons
uhe error field may be larger than the theoretical field so that these -

random variations will greatly affect the ability of the P.A, system %o

achieve very sharp nmills with stability. A good antenna system design
will reQuire low ratio of R.S.8. to R.M.S, to yield stable’ nullse‘ ’

Tha Telatlve effect of variations in smplitude versus varlations
in pheee may be sompared. -Thus,

{16a) | b“ _(%ob)

deecribesithe effee*'ef a chenge in amplitude and

o bas(EE)=tng T
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gives the effact on the error vector of a change in phase (see Fig. 3)

For an equivalent effect on the resultant field magnitude a phase tolerance
of - B ' ‘ : ’

N . 0 |
(17} OLA -:_l;g.._.[)
Ml 5 Yees DLy
B R | .
i requireda' For a pefmissible change equivalent %o a 5% change in ampli-
tude _

o _ 180 _
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The assumption of 8 Raylaigh distribution for the error vector
rields results which are in good sgreement with field intensity measure~
- ments made by Robert M, Sillimanéf,lwhb made Inverse distance field intensity
neasurements over a period of four months, This data is plotted in Figure 4.
The s0lild curves aré distributions of the type desecribed by (10) with the
. indlcated constents, Some work was done along these lihes on 'antennas for
broadside asrrays in the microwave region by'Ruzeé/o For this case the
theoretiecal {isld A was neglipible in comparison with the error fields but
the assumpticn of a Rayleigh distribution for these errolr vectors was made
" and checked quite well with measurements. On the basis of these twe inde-
pendent sets of measursments the assumption of a Rayleigh distribution for
these error vectors appears to be a good one,

Thé'results of this study may_be summerized as followss

%, The random variations of the field intensity radiated from
a directional antenna system may be described statistically by (10)
asg tpe sun of the constant theorstical field plus a wandemly varying
. Rayleigh error field,

K 2¢ This éféof field 1s proportional to the theoretical R,.S.S.
. Pield of the array. :

It is expected that the theory developed im this report will
hold for directioral sntenna srrays in 211 bends but for the moment our
primery interest is in the gtandard broadsast band, :
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60 THE DISTRIBUTION OF THE MAGNITUDE ,OF THE |
50 SUM OF A CONSTANT VECTOR & .
o PLUS A RANDOMLY VARYING RAYLEIGH VECTOR A ]
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